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Abstract 
Low in-vitro regeneration rate of oil palm is the main limitation for clonal mass propagation. To evaluate the in-vitro 
performance of oil palm mass propagation, an experiment comprising 167 ortets are established and evaluated for in-vitro traits. 
Genetic parameters are analyzed using anova, followed by Ward’s clustering to classify the ortets and selection the best progeny. 
The results showed a high heritability value on callogenesis and embryogenesis rate. Ward’s clustering on both traits produces 
five clusters. KN16 progeny gives the best performance among 19 analyzed, where almost the ortets are belongs to the best 
cluster. Therefore, this progeny is recommended for further recloning. 
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Nomenclature 
h2BS Broad sense heritability  
CVg Genetic coefficient of variation 
Cont Percentage of contamination during 1 year incubation 
Cal  Percentage of callus formation (callogenesis) 
ECal Percentage of early callus formation  
CE  Percentage of callus to embryo 
ACal  Average of time required for callus formation 
AE  Average of time required for embryo formation from callus 
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FCal  Time period required to form the first callus from leaf explants 
FE  Time period required to form the first embryo from callus 
1. Introduction 
Oil palm (Elaeis guineensis Jacq.) is the most efficient commodity in terms of land utilization, efficiency and 
productivity compare to other cultivated oil seed crops such as rapeseed, soy bean, ect. [1]. Most of palm oil 
processing is subjected for food, oleochemical and biodiesel industry [2]. Nowadays, increasing demand of oil palm 
renewable energy enhanced a great opportunity of growth for oil palm industry and decreases the fossil fuel 
dependency. 
In order to achieve close to theoretical maximum potential yield 18 ton/ha [3], some biotechnology approaches 
have been implemented simultaneously with conventional breeding program to improve both quality and quantity of 
yield, including clonal propagation through tissue culture, biomarker discovery, marker assisted breeding and 
genetic engineering [4, 5, 6]. Oil palm clonal propagation objective is to select several elite individual palms which 
contain desirable traits from genetically varied planting material as clones, and mass propagate them for large scale 
commercial planting [7]. It has been established for large scale production and evaluated for field mantling rate [8], 
furthermore oil extraction rate (OER) has increase up to 22% compared to DxP control [4].  
Since oil palm is a perennial monocot, clonal propagation could only be done by tissue culture technique 
involving callogenesis and embryogenesis [9] which exhibit slow growth and low responsive under in vitro 
condition [10]. Embryogenesis rate was varied from 3 – 6 %, and even 50% of them failed to develop [10, 
11].Variation on embryogenesis rate was random and genotypic-dependent. All cultured ortets can produce calli, but 
only 60% of ortets produce embryos [12]. Embryo production could be improved by increasing callogenesis rate 
[13]. Therefore study on the genetic parameter estimation in tissue culture process is necessary. 
The estimation of the in vitro heritability was used to determine the in vitro genetically-dependent traits and the 
feasibility of early selection of responsive progenies to increase final ramet production. In commercial tissue culture 
operations, such selections consider to demote the cost per plant by conserving time, space, and resources [14]. If 
ortets or progenies used for explants source differ in their embryogenesis and shoot producing capacity in vitro, it 
will be important to identify the more prolific progenies to use it for further development of tissue culture 
commercial production. 
The objective of this study was to estimate the genetic parameters under commercially in vitro propagation 
protocol and select the prolific progenies for further recloning purpose, thus could support the yield improvement for 
palm oil and biofuel industry.   
2. Material and methods 
2.1. Plant material 
A total of 167 ortets derived from 19 progenies taken from progeny trial established in Riau province, Indonesia, 
were used as spear source. The ortets were 15 years old when sampled and selected based on oil palm breeding 
parameters for at least 5 years production records. 
2.2. Culture initiation 
Around 2,500 leaf explants (1 cm in width) per spear were cultured on solid MS basal medium [15] 
supplemented with 5% (w/v) sucrose, 2,4Dichlorophenoxyacetic acid (2,4-D) and Naphtalene Acetic Acid (NAA), 
and incubated in dark room to induce callus and embryos [4]. Room temperature and Relative Humidity was 
maintained at 28±2 oC and below 60% [16, 17]. Subculture was performed using the same medium every three 
months to induce callus, and every two months to regenerate callus into embryos. Leaf explants were incubated for 1 
year to induce callus, and callus also incubated for 1 year to regenerate into embryo. 
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2.3. Evaluation of the in vitro response 
After 1 year of leaf explants and callus incubation, the following variables were recorded: Percentage of 
contamination rate (Cont) and callus rate (Cal) were calculated as the number of total contamination and number of 
total callus produced during 1 year explants incubation per number of explants cultured. Percentage of early callus 
(ECal) was calculated as number of callus formed during 3 months after explants inoculation per total explants 
inoculated. Percentage of callus to embryo (CE) was calculated as the number of callus producing embryo per total 
number of callus. Average of callus age (ACal) and embryo age (AE) were count as average of total month required 
to induce callus and average of total month require to induce embryos from callus per ortet. The first callogenesis 
(FCal) and embryogenesis (FE) were counted as time period required to form the first callus from leaf explants and 
embryos from callus. 
2.4. Data analysis 
Analysis of variance was performed to examine differences among progenies and to estimate the variance 
components using the generalized linear model (GLM). The variance components, genetic coefficient of variation 
(CVg), broad-sense heritability (h2BS), standard error of heritability (SE h2BS), phenotypic, genotypic, and 
environmental correlation between two traits were estimated from between and within progenies of variance and 
covariance analysis [18]. 
 
Table 1. Nested anova based on  single pair matings design.     
Source df SS MS Expected MS 
between progenies p–1 JKp KT P σ2o  +  k1 σ2P 
between ortet, within progeny n.–p JKo
 
KT O σ2o  
p = number of progeny, o = number of ortets within progeny  
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2.5. Selection of responsive progeny 
Cluster analysis was performed for selected traits with relatively high value of h2BSusing Ward’s method. Each 
cluster was analyzed with descriptive statistics analysis to know the performance of each cluster. Visualization of 
the clusters was performed using z-standardized scatter plot [19].    
3. Results and discussion 
3.1. Genetic variation 
Genetic coefficient of variation is calculated to determine the value differences of individual palm in the 
population used. Among the in vitro traits analyzed, percentage of callus to embryo (CE) has the highest value of 
CVg. It indicates that selection on this trait will have a great opportunity to increase the achievement of desirable 
trait, whereas traits with low CVg will have small chance of success. First callogenesis (FCal) and average of 
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embryo age (ECal) have negative value of estimate variance component between progeny ( ), thus estimate as 
zero, and cause the value of  CVg be zero (Table 2). 
 
Table 2. Genetic parameter of in vitro traits in full-sib.    
Characters  
   
CVg t h2BS SE(h2BS) 
% Contamination (Cont) 2.09 0.81 4.40 42.88 0.15 0.31 0.15 
% Early callus induction (ECal) 1.18 0.17 3.14 35.48 0.05 0.11 0.11 
% Callus (Cal) 15.47 34.68 106.06 38.07 0.25 0.49 0.18 
% Calus to embryo (CE) 0.84 0.48 0.77 82.78 0.38 0.77 0.20 
Average of callus age ; month (ACal) 7.37 0.25 4.62 6.78 0.05 0.10 0.21 
First callus induction; month (FCal)  5.75 -0.24* 6.05 0* 0.00 0.00 0.19 
Average of embryo age; month (ECal) 9.10 -0.17* 7.44 0* 0.00 0.00 0.19 
First time of embryo formed; month (FE) 5.45 0.31 6.70 10.13 0.04 0.09 0.20 
 : Phenotipic mean,  : variance component between progeny,  : variance component within progeny, CVg : Genetic coefficient of 
variation, t : intraclass correlation, h2BS: Broad sense heritability, SE(h2BS) : standard error of broad sense heritability. * negative due to variance 
component decomposition analysis.  
 
Broad-sense heritability (h2BS) value was varied from 0.00 – 0.77. A high heritability estimate of 0.77±0.20 was 
obtained for CE trait, while h2BS was intermediate for Cal (0.49 ± 0.18). Both Cal and CE traits were relatively high 
compared to others. It indicated that those traits were under genetic control. These traits were not relatively 
correlated both genetically and phenotypically (rp = 0.07ns, rg = 0.09ns), although they have high heritability. It seems 
likely that these two characters are heritable but under different genetic controls. This would suggest that selection 
for high callogenesis rate could not directly used for embryogenesis, and should be done for both two characters at 
the same time if both are desired [20]. However, this result indicated that selection for Cal and CE traits is possible 
for further recloning purpose or selecting the responsive progenies.  
Callogenesis rate highly varied between ortets, even from the same progeny within cross [12], and genotypes 
which more responsive to initiate callogenesis will have higher chance to form embryogenic culture [21]. Thus, 
early screening for highly callogenicortets or progenies is required to save cost as less time, labor, and space spent. 
Heritability for both FCal and ECal were negative because of negative estimates of previous variance 
component. Therefore, heritability for these traits is considered as zero. It seems that time period to induce callus 
and embryo were not genetically dependent traits, and the environment and random effect might have role for these 
traits since their heritability value are low.  
3.2. Clustering 
Genotypes were categorized in five clusters based on Cal and CE with dendrogram cutting at a Euclidian 
distance of 13.95, and most of individual ortets are belongs to cluster 3 (Pic. 1). Scatter plot with standardized z-
score for both Cal and CE variables was performed to visualize the Ward’s cluster. (Pic. 2). Cluster 1 was located in 
negative are for both Cal and CE axis, and characterized by palms with lower both Cal (6.86 ± 4.09) and CE (0.02 ± 
0.11) [16]. 
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     Pic. 1. Dendogram of 167 ortets based on percentage of callus and callus differentiate to embryo using Ward’s linkage clustering method. 
 
Cluster 2 was characterized by ortets with relatively medium callusing rate (21.54 ± 3.77) and poor 
embryogenesis rate (0.38 ± 0.30). Cluster 3 was located in positive Cal axis, and characterized by responsive ortets 
to produce callus (44.1 ± 11.7) with relatively poor embryogenesis rate (0.6 ± 0.4) as same as cluster 2. However, 
cluster 4 was located in the positive CE axis and characterized by genotypes with medium callusing rate (18.4 ± 8.5) 
and highest embryogenesis rate (3.0 ± 1.2) during commercially propagation protocol (Table 3). 
From 19 progenies analysed only progeny KN16 has good performance. It has 75 % of total cultured ortet with 
high embryogenesis rate, and could be considered for further cloning program. Otherwise, six progenies (KN03, 
KN07, KN11, KN15, KN19) have low to bad regeneration capacity (Graph 3). Embryogenesis rate that responded to 
commercial in vitro culture propagation was determined because a relatively high mean shoot formation for a 
progeny could be achieved in two ways: most ortets in a progeny could produce moderate numbers of shoots, or a 
small subset of ortets could produce very high numbers of shoots [14].  
 
         Table 3. Average of percentage of callus and callus differentiate to embryo for each cluster. 
 
Cluster number of genotype % Cal % CE 
1 47   6.86 ± 4.09 0.02 ± 0.11 
2 31 21.54 ± 3.77 0.38 ± 0.30 
3 51 10.48 ± 4.11 0.90 ± 0.42 
4 14 44.13 ± 11.69 0.61 ± 0.38 
5 24 18.36 ± 8.45 3.02 ± 1.25 
 
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 
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Pic. 2. Standardized scatter plot of 167 ortets for percentage of callus and callus  
differentiate to embryo based on Ward’s linkage clustering method. 
 
 
                                                            Pic. 3. Distribution of ortets based on Ward’s linkage clustering method. 
 
Because of low regeneration rate, high labor intensive, and extensive amount of time required, limited oil palm 
tissue culture process from becoming a large scale commercial propagation [9], but it should be possible in the 
future to improve shoot production for mass propagation of oil palm by using best selected ortets within prolific 
progenies as explants source to increase the efficiency. Other possibility is using selected ortets derived from cross 
between prolific parents. Of course it needs further investigation to exploit both best agronomic and in vitro desired 
traits. 
4. Conclusion 
Both callogenesis (Cal) and embryogenesis (CE) rate were important traits for in vitro propagation of oil palm, 
with relatively high broad-sense heritability. Cluster analysis elucidated five clusters from those traits. Among 19 
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progenies analyzed, only progeny KN16 has high regeneration capacity for both callogenesis and embryogenesis 
rate. This progeny is recommended for further mass propagation. The use of genetic material with highest rate of 
regeneration is expected to optimize the commercial propagation of oil palm. 
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